GROUNDWATER PATHWAY SCOPING ANALYSIS OF APT AND TEF WASTES

Introduction and Summary
The methods used to analyze the long-term performance of APT and TEF waste, with respect to the groundwater pathway, disposed in Intermediate Level vaults are described in this report. The purpose of this work is to reduce the number of radionuclides that need to be considered in a detailed analysis of performance. A methodology was selected that is more rigorous than the screening analysis described earlierl, but still conservative enough that radionuclides shown to have minimal dose impact using the .
methodology can be neglected with assurance that they would not have produced significant results if included in a detailed computer model.
The screening analysis started with 826 radionuclides and reduced the number to 56 that could potentially be of concern. The screening study used a methodology developed by the National Council on Radiation Protection and Measurements* for releases of radionuclides to groundwater. .
The PATHRAE computer code3 was used for this scoping study. The code is described in the following section. This is followed by a description of the conceptual model used and a discussion of the important parameter values used and their sources. Lastly jhe results of the study are presented.
This work fimther reduced the number of radionuclides needing detailed analysis from 56 to 23.
Description of the PATHRAE Code
The purpose of the PATHRAE computer code3 is to calculate doses and health effects which might be caused by disposal of waste material in the near surface environment. The code was developed by Rogers and Associates Engineering Corporation, of Salt Lake City, Utah, for the U.S. Environmental Protection Agency, and is accepted by that organization. PATHRAE was selected for use in the Environmental " Impact Statement on Waste Management Activities and Groundwater Protection at the Savannah River
Site4. WSRC-RP-98-O0729
Input to the code consists of a number of parameters which describe the waste and the characteristics of the disposal site and the surrounding area. The more that is known about the waste and the site, the more confidence there will be in the results produced by the code.
The PATHRAE code can calculate doses due to a number of exposure pathways: groundwater transport to a surface stream, groundwater use in a nearby well, surface erosion and subsequent waste exposure, trench overflow (bathtub effect), food grown on the site, biointrusion into the waste, direct gamma exposure, inhalation of dust on-site, inhalation of radon gas, and atmospheric transport of particulate offsite.
The code assumes that the waste inventory is evenly distributed throughout the waste volume. For the groundwater transport pathways a specified fiction of the inventory is leached from the waste each year and transported vertically through the unsaturated zone, and then horizontally to hypothetical wells at locations at 1 meter, 100 meters, and to a nearby stream. The water velocity through the unsaturated zone is calculated in the code from input values for infiltration, soil porosity and saturated hydraulic conductivity. The average linear velocity in the water table aquifer is a code input the value of which is taken from three-dimensional numerical modeling work performed for the E-Area Vault Pe&ormance .
Assessments.
The velocity of each radionuclide considered is calculated based on the partition coefilcient (commonly called Kd, and referred to as aquifer sorption in PATHME) and the water velocity. A quantity called the retardation factor is calculated from the partition coefficient and used to modi& the velocity of a species relative to the water velocity.
The Erosion pathway considers the effects of erosion of the cover material and transport and deposition in a nearby stream.
The pathway called the Bathtub Effect calculates doses due to disposal trenches overflowing if geologic and precipitation conditions are such that this phenomenon might occur.
The Food Grown on Site pathway assumes that at some time in the future someone moves onto the .
disposal facility and constructs a home with a basement and a water well. Excavation of the basement and well construction brings some portion of the buried waste to the surface, which is then used to grow food in a small garden. The person is thus exposed to radiation from the food he eats. WSRC-RP-98-00729 .
The Biointrusion pathway is essentially the same as the Food Grown on site except that no home is constructed.
The Direct Gamma pathway considers the effects of penetrating gamma radiation from the buried waste both to workers during the operational phase and to someone occupying the disposal site and disturbing the waste sometime in the future.
The Dust pathway considers inhalation of resuspended dust by an intruder at the waste disposal facility due to house construction and well drilling.
The Radon Inhalation pathway calculates doses due to radon in-growth and radon daughters in a structure built over a disposal facility.
The Atmospheric Transport pathway considers off-site transport of materials due to dust resuspension, incineration, or trench fire.
In each of these pathways a hypothetical person is exposed to radiation released from the disposal facility.
The PATHRAE code calculates the dilution, dispersion, or attenuation provided by the waste site and the environment and thus the curie concentration of each radionuclide to which the person will be exposed.
For the ingestion and inhalation exposure pathways, dose conversion factors from the U.S. Department of EnergyGare used to calculate annual doses from ,curie concentrations. Dose conversion f~ctors for direct gamma exposure are taken from the PRESTO data base7.
As stated above, the PATHRAE code was used as the basis for dose calculations for the Groundwater .
Protection and Waste Management Environmental Impact Statement issued by DOE in 1987. One of the supporting documents for the EIS was a quality assurance report on the models used.* Several levels of review are documented in this repofi (1) review of code documentation, history of use, and previous validation and verification studies, (2) comparison of model results to alternate models using different bounda~conditions, (3) comparison of model predictions to measured concentrations, and (4) sensitivity analysis to identi@ critical input parameters.
In this work, only the Groundwater to a Well pathway was used.
,.
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Conceptual Model
For the purpose of scoping, the entire 40 year projected inventory of both APT and TEF waste' was assumed to be disposed in one Intermediate Level vault measuring 85 m long, 15 m wide and 8 m high.
This inventory is shown in Table 1 . Vault and site characteristics were taken fi-omthe EAV PA! A study of corrosion rate of both the wasteforms and the steel boxesg was used to estimate the time of release and the release rate into the Intermediate Level Vault. All of the inventory was assumed to be in one waste form. A corrosion rate of 2.5 microns/yr was assumed for the wasteforrn. Assuming that contamination is distributed evenly throughout the assumed 1 cm thickness of the wasteform, the contaminant release fraction is 2. x 104 per year.
The corrosion rate given for the waste containers was 1 x 10-5m/yr. The containers are ?4 inch thick.
Assuming the containers will fail when they have corroded to one-half of their original thickness, the time of failure will be 635 years. This length of time is greater than the intact period of the Intermediate Level Vault (575 years). Therefore, for the scoping model it was assumed that no release or corrosion occurred . in the first 635 years after disposal.
Partition coefilcient values for the elements included in the scoping analysis and the source of the values are given in Table 2. AH parameters for the PATHRAE code were taken from values used in the EAV Performance " Assessment for new radioactive waste disposa14. The parameters used can be found in Attachment 1, the output from the PATHME program.
Results
The peak concentrations, doses and the years of the peak occurrences are given in Table 3 . Those radionuclides that had a peak dose greater that 1 mrem/year were selected for inclusion in the detailed model. These are shown in Table 4 . WSRC-RP-98-O0729 
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